Climate change and its hydrological consequences are of great concern for water resources managers in the context of global change. This is especially true for Upper Minjiang River (UMR) basin, where surface runoff was reported to decrease following forest harvesting, as this unusual forest-water relationship is perhaps attributed to climate change. To quantify the hydrological impacts of climate change and to better understand the forest-water relationship, an artificial neural network (ANN)- 
INTRODUCTION
Global climate change caused by growing atmospheric concentration of CO 2 and other trace gases has become evident.
The acceptance that increasing CO 2 concentration in the atmosphere will cause global climate change, especially the change in precipitation and temperature, has led to an increased interest in the impact of climate change on region hydrology among scientists (Guo et al. ; Jiang et al. a; Teutschbein & Seibert ; Naz et al. ) . Global climate change is very likely to affect the hydrological cycle and consequently water resources by increasing evaporation due to rising air temperature and changing precipitation (Guo et al. ; Huntington ). In addition, global warming or its increased variability is expected to alter the timing and magnitude of runoff, the frequency and intensity of floods and droughts, rainfall patterns, extreme weather events, and the quality and quantity of water availability (Guo et al. ; Jiang et al. a) . These changes, in turn, influence the water supply system, power generation, sediment transport gical models behave better than traditional hydrological models (conceptual, physically based model or statistical model) in runoff prediction (Dawson & Like many places in China and the world, water shortage is a big problem in the Upper Minjiang River (UMR) basin in southwest China. Due to its special geographic location (the transition zone from Sichuan basin to Qinghai-Tibet plateau), the UMR basin is prone to climate change and so the study of the hydrological response of the UMR basin to climate change has many implications for the sustainable utilization and management of water resources. The UMR basin has experienced large-scale land-use and land-cover change (LUCC) resulting mainly from over-logging. Several forest-water studies in the UMR basin showed that the water yield decreased with the reduction of forest cover (Ma ; Zhang et al. ; Sun et al. ) , which is inconsistent with many other similar studies (Brown et al. ) . Climate variability may account for this particular hydrological phenomenon. In fact, LUCC (forest cover change in the UMR) and climate change in a basin are usually mixed, making it difficult to determine the pure hydrological effect of vegetation, especially forest landscape change on runoff. Due to the characteristics of high elevation and the corresponding low temperature in the UMR, snow-melting runoff is greatly affected by global warming, which may be a reason for the unusual forest-water relationship found in the UMR basin. The knowledge of surface runoff response of UMR to climate change, therefore, is expected to be helpful for understanding the eco-hydrological function of forest vegetation.
In this paper, an ANN-based precipitation-runoff model was used to study the hydrological response of Zagunao catchment, a typical catchment in the UMR basin, to climate change. The objectives of this study are as follows: (1) to study the runoff response of the UMR basin to climate change and provide baseline information for water resources management; and (2) to help understand the unusual forest-water relationship in the UMR basin by analyzing the hydrological consequences of climate change.
DATA AND METHODS

Study area
As an important branch of the Yangtze River, the UMR has a total drainage area of 22,900 km 2 basin (102-104 0 E, 
where T i is daily average temperature, n is the number of days in a month of interest. CTsm is a monthly counterpart to the variable of degree-day widely used in a snow-melting runoff model on a daily basis (Singh & Kumar ) . In a degree-day based snow-melting runoff model, daily snowmelting runoff yield is calculated on active temperature above 0 C (degree-day) rather than daily average air temperature to reflect the snow-melting physical mechanism, and a similar idea was applied to monthly snow-melting runoff calculation in this study. CTsm is expected to behave much better than monthly average temperature in predicting the impacts of climate change on surface runoff in Zagunao catchment given that the temperature change below zero, for instance, from À30.0 C to À10.2 C, contributes nothing to snow-melting. for the indicators of PRMSE and MAE is given as follows:
where o i and p i are the measured value and predicted runoff value in month I; o and p are the average of measured values and predicted values, whereas n is the number of points of time series data.
Surface runoff response to climate change
To investigate how surface runoff of Zagunao catchment responds to climate change, we designed six precipitation change scenarios and three temperature change scenarios in this study. Precipitation scenarios were defined by changes (including increase and decrease) in monthly precipitation of 5%, 10%, and 15% relative to the baseline precipitation data . Temperature change scenarios were derived by increasing daily temperatures 0.5, Table 1 ). In addition, it is clear that model behavior in the growing season was much better than in the non-growing season and had the best goodness of fit on annual basis (R 2 ¼ 0.962) in terms of R 2 . However, when judged by 
Runoff response to climate change
Runoff response of Zagunao catchment to temperature change and precipitation change scenarios is shown in Figure 4 . The scenario analysis of temperature change based on the precipitation-runoff model showed that runoff would increase by 1.41%, 3.76%, and 4.03% under the scenarios of T þ 0.5, T þ 1.0, and T þ 1.5 on the annual Zagunao catchment, a typical one in the UMR basin, was used as a case to study the impact of climate changes on water resources in the UMR region in this study. Given that water resources is becoming a limiting factor for sustainable development of the UMR region and that the impacts of climate change on water resources are increasingly self-evident, the result from this study is expected to provide scientific foundation for future water resources planning and management.
The main conclusions are summarized as follows:
1. With the variables of CTsm and seasonality incorporated into the input variable list, the proposed ANN precipitation-runoff model was capable of simulating precipitation-runoff transformation process reasonably well.
2. The runoff of Zagunao catchment increased with temperature increase and such response was season dependent. In comparison with the growing season, the non-growing season was more sensitive to global warming.
3. The runoff of Zagunao catchment to precipitation change was also season dependent with runoff in the growing season being more sensitive to precipitation change.
